The velocity distribution of neutrons of thermal energies can be changed by passing the neutrons through a layer of paraffin wax about 1 cm. thick, maintained at a different temperature from that of the neutrons entering the layer (Moon and Tillman 1936). When neutrons of an energy corre sponding to room temperature (290° K.) are passed through such a wax layer at 90° K., the radioactivity induced in elements by the absorption of these cooled neutrons is greater than if the layer is also at 290° K. For silver a wax layer of about 1 cm. thickness gives the greatest increase, about 35 %. The effect was investigated for several elements and varied from about 20 % for iodine to about 50 % for copper (about 30 % being the average order of magnitude of the effect).
The velocity distribution of neutrons of thermal energies can be changed by passing the neutrons through a layer of paraffin wax about 1 cm. thick, maintained at a different temperature from that of the neutrons entering the layer (Moon and Tillman 1936) . When neutrons of an energy corre sponding to room temperature (290° K.) are passed through such a wax layer at 90° K., the radioactivity induced in elements by the absorption of these cooled neutrons is greater than if the layer is also at 290° K. For silver a wax layer of about 1 cm. thickness gives the greatest increase, about 35 %. The effect was investigated for several elements and varied from about 20 % for iodine to about 50 % for copper (about 30 % being the average order of magnitude of the effect).
The differences between these values may arise from two causes. First, an element may absorb, selectively, neutrons of an energy far above thermal energy. The activity due to these neutrons will be independent of tem perature, and the measured value of the temperature effect will be less than if the thermal neutrons alone had been concerned. Secondly, the variation of absorption probability with velocity may differ from one element to another in the " thermal region".
Since either an abnormally high or an abnormally low value of the temperature effect would indicate that the element in question deserved further investigation, it seemed desirable to extend measurements of these effects to elements not previously studied. Moon and Tillman (1936) , using temperatures of 290 and 90° K., measured temperature effects, corresponding to the geometrical disposition of their apparatus, for silver, copper, vanadium, iodine, dysprosium and rhodium. Our experiments have been made over the same range of temperature with sodium, gold, indium, arsenic, bromine (18 min. period), manganese, aluminium; silver was also used as a check, having previously been thoroughly investigated.
While the geometrical arrangements which we used were very similar to those used by Moon and Tillman much time was saved by irradiating two specimens simultaneously, one within a cold and the other within a warm wax cylinder. The activities of the two specimens were compared, and then (after this activity had thoroughly decayed) the experiment was repeated with the temperatures of the cylinders interchanged. If the specimens and cylinders are identical, and if they are symmetrically disposed with respect ,, J ,. / Activity due to cold neutrons \ . to the source, then the two ratios -■ ■ --------------------------will be \Activity due to warm neutrons/ equal. All small errors due to asymmetry are accurately eliminated by taking the geometric mean of the two ratios.
A large rectangular block of paraffin wax had two symmetrically placed identical cylindrical cavities cut in it. Between these two, and equidistant from them, a smaller cavity was made to hold the source of neutrons-a radon-beryllium bulb, contained for convenience in a long glass tube (fig, 1 ). The source was usually equivalent to about 100 mC. of radium as measured by its y-ray activity.
In the two cylindrical cavities were placed two similar vacuum flasks containing cylindrical layers of wax, the two layers being as nearly equal as possible. Two similar specimens were made for each of the elements investigated. The activity produced in a specimen irradiated by thermal neutrons through a layer of wax, the temperature of which can be changed, depends upon the geometrical disposition of source, specimen and sur rounding wax, the temperature and thickness of the wax layer, and upon the nature and thickness of the specimen. Considering only specimens of a given element which are thin compared with the half-value thickness of that element for the absorption of slow neutrons, let us now define as the ratio of the activity produced in such a specimen by neutrons which have passed through a layer of wax of given thickness maintained at a temperature of 90° K., to that produced under similar conditions when the wax layer is at 290° K. This, of course, refers to the particular geometry of our apparatus described above. Suppose, that for each element, the two similar specimens be designated as A and and that the two flasks be called X and Y. For a given wax thickness in the flasks, to determine J, two experiments were performed. The geometrical disposition (e.g. in and B in Y) was identical in the two cases, but in Exp. 1, X was at 90° K. and Y at 290° K., whilst in the second experiment the temperatures were reversed. From the first experiment we have = (activity of A /activity of B) and from the second J2 = (activity of B/activity of A), and it is easy to that the true temperature effect J is given by f(J vJ2). The recorded activity of a specimen irradiated as described above will be some function of the form: Activity = D FCST, where the factor: D depends on the specimen. F depends on the flask containing specimen and its position. C depends on the counter sensitivity. S depends on the strength of the neutron source. T depends on the temperature of the neutrons. Now S is the same for A and B in any given irradiation; and, during the counting of the activity of the specimens in any one experiment C was assumed to be constant, this point is dealt with again below. Then we have in the first experiment:
And in the second experiment:
/^/a 2 = ^2 *
The method described above is independent of small inequalities in the conditions of irradiation of the two specimens, and also of a change in counter sensitivity from the first experiment to the second. In order to correct for any possible small change of sensitivity in the counter-in the same direction, either increasing or decreasing-during the counting of the activity of the specimens in any one experiment, the specimens were placed round the counter in the order A, B, B, A ; B, A, A, B, for equal intervals of time, usually two or three minutes. Several minutes observation of the natural count was made after each group of four counts of the specimens. The sensitivity of the counter was also checked from time to time by observing the rate of counting when a weak radio-thorium source was placed in a standard position writh reference to the counter.
In general, sufficient counting was performed for a given value of J to have a probable error (not standard deviation) of about 2 % owing to the probable statistical fluctuations of the counts.
E x perim ental D etails
The flasks were of the ££ Iso vac Steel Glass" variety, these being found most suitable for the purpose. They showed no measurable absorption of neutrons. Also several of the irradiations were of necessity long, since the elements in question had radioactive isotopes of long period; and it was found that a layer of wax inside one of these flasks, cooled down to the temperature of liquid air, retained its temperature for some considerable time. It was found necessary to recool the wax layer only every two hours or so during a long irradiation.
The wall separation of each flask used was examined over the whole of the flask, so that the wax layers in a given pair of flasks could be made of equal thickness. In all four pairs of flasks were used, with layers of 0-7, 0-9, 1*1 and T3 cm. thickness. After all observations had been made the flasks were broken and the wax examined for faults and inequalities in thickness.
Two similar specimens were made for each of the elements investigated. For sodium we first tried specimens made up of sodium fluoride, these were unsatisfactory, their activity being very weak. Much greater success was obtained using metallic sodium of thickness 0-055 g./cm.2 wrapped up in silver foil. For gold, indium, aluminium and silver, the metals were also used of thicknesses 0-16, 0-08, 0-15 and 0-08 g./cm.2 respectively. In the cases of bromine, manganese, arsenic, however, we had to use one of the more suitable of their respective compounds. Sodium bromide (0-15 g./cm.2), manganese dioxide (0-2 g./cm.2), arsenious oxide (0-15 g./cm.2), were used. All the specimens were of a thickness small compared with the half-value thickness for the absorption of slow neutrons. These specimens involving the use of powders were made up in the following manner. The necessary amount of the compound in question was included between two pieces of thin celluloid, bent into cylindrical form, rigidity being obtained by fixing i narrow strips of nickel along the edges of the specimens. The powder was kept in position between the celluloid by a small pad of cotton-wool. On absorbing neutrons the elements examined become //-radioactive, so that the activities of our specimens were determined by placing them round a Geiger-Muller counter connected to an amplifier and mechanical recording device.
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Values of J were obtained for each element for the four wax thicknesses in the flasks. The values obtained are given in Table I ; the ratios have, in general, a probable error of ± 0-03. In Table II are reproduced the tem perature effects obtained by Moon and Tillman, with a cooled wax layer of 1 cm. thickness. Our observations on silver represent the effect for a mixture of the two periods, approximately in equal proportions. The maximum of J occurs, for all the elements examined, when the thickness of the cooled layer of wax is about 1 cm. A comparison of the results shows that no widely different values of J are apparent. Table I W ax thickness 1-1 cm 1-42 1-36 1*45 1*39 1-44 1-53 1-57 1-40 J 1-34 ± 0 0 3 1-35 ± 0 0 5 1-47 ±0-05 1-47 ±0-05 1*19 ± 0*03 1*32 ± 0 0 4 1-25 ±0-04 Bethe (1935) showed that, for neutrons of energies less than 1000 e-volts, the absorption cross-section of a nucleus was inversely proportional to the neutron velocity. However, experiments on selective absorption have shown the inadequacy of this simple relation; and it has been suggested that the absorption probability also depends upon whether the incident neutron has such an energy that the product nucleus may be formed in one of its excited states (Bohr 1936; Breit and Wigner 1936) .
Thus it appears, in general, that the elements which show the strongest selective absorption, show the lower temperature effects, e.g. silver, gold, rhodium, iodine; whilst the elements which are not known to show any pronounced selective absorption, e.g. aluminium, sodium, bromine, tend to show rather higher values of J.
It seemed at first as if indium was showing no maximum for J as the thickness of the wax layer increased. It was thought that this might be connected with a temperature effect on the neutrons of group D, i.e. the neutrons selectively absorbed by indium. Such an effect (Mitchell, Murphy and Whitaker 1936) has been recorded, and also a similar effect (Rasetti Elem ent 0*7 cm. 0*9 cm. Indium Fink 1936) in the case of rhodium which also shows selective absorption of group D. In both these cases the temperature range was the same as the one we used, and both gave J for the D neutrons as 1-08. We therefore performed experiments in which cylindrical cadmium absorbers of thickness 0-3 g./cm.2 (i.e. sufficient to absorb all group C neutrons) were placed, one in each of the flasks X and Y with a wax layer 1-1 cm. thick. The cadmium cylinders were closed both at the top and at the bottom, and the indium specimens were suspended inside them. We were unable to detect any temperature effect on the group D neutrons, the value of J obtained under these conditions being 1-00 + 0-01 (5).
Using the flasks with a wax layer of 1-1 cm. thickness, we determined the fraction of the activity of the specimens remaining after irradiation through a cadmium absorber of thickness sufficient to absorb all group C neutrons (0-3 g./cm.2). These experiments were performed at room temperature. Table III gives the percentage of the total activity in each element, under the conditions of our experiment, due to neutrons other than those of group C.
It is evident that the same number of neutrons of energies greater than thermal will pass through the wax layer whether it be hot or cold. This is supported by our experiments described above in which we found that the activity produced in indium by group D neutrons is independent of tem perature.
Assuming that group C consists simply of neutrons of thermal energy we can then calculate the values of Jc for the group C neutrons for each of the elements, by subtracting from each of the counts obtained the number due to non-group C neutrons. For example in the case of indium, for a wax layer of 1-1 cm., J = 1-42 ± 0-01 (4); and the fraction of the activity at room temperature due to non-group C neutrons is (17-7 + 0-5) %. So that
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Jc 142-17-7 100-17-7 = 1-52 + 0-01(5). Table III gives the values of Jc, corresponding to a cooled wax layer of 1-1 cm., for the elements investigated. If the relation between absorption cross-section and neutron velocity were the same for all elements in the thermal region, and if cadmium absorbed only thermal neutrons, then we should expect the Jc values in Table IV to be the same, within experimental error.
The probable errors of the Jc values are given, and several elements appeared to give values of Jc differing considerably from the mean value of 1-51. Manganese and bromine are easily investigated, we therefore repeated the temperature measurements on these two elements in order to reduce the probable error, and so to determine the chances that they showed values of Jc differing from the mean. Table IV shows the final values obtained for these two elements. In the case of bromine the ratio of the deviation from the mean to the probable error of Jc is 5, and for manganese the ratio is 7. This means that the chances that the values of Jc for the two elements are the same as the mean are exceedingly small. These results can be explained in two ways, not mutually exclusive. First, it is possible that the variation of absorption cross-section with velocity for neutrons of thermal velocities is different for different elements. If this be so, most of the elements investigated must show selective absorp tion for neutrons in the thermal region. Secondly, the absorption law in the thermal region may be the same for all elements, but cadmium may absorb selectively neutrons other than those of thermal energy. In this case all the . //er values of Jc would indicate that the elements concerned have an absorption band coinciding more or less with one of those of cadmium; whereas the highest value of Jc obtained indicates that the absorption spectrum of the element in question coincides least with that of cadmium. Consequently this highest value tends most nearly to that to be expected for purely thermal neutrons.
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The effect of temperature on the activity produced by thermal neutrons in various elements has been investigated, and no widely differing effects have been observed. The fraction of the activity of each element due to group C neutrons was determined, and the temperature effects due to these neutrons alone were deduced. From the values obtained it appears either that cadmium absorbs neutrons other than those of thermal energy, or that all elements do not conform to the same absorption law in the thermal region. I t was also found that the activity produced in indium by group D neutrons was not influenced by temperature.
